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Metabolic syndrome and testosterone IntroDuctIon T he metabolic syndrome (MS) is becoming currently a health issue for a wide range of medical specialties, including endocrinologists, cardiologists, diabetologists, urologists and general practitioners. The International Diabetes Federation (IDF) has formulated criterion (1) for a person to be considered with MS presenting central obesity (defined as waist circumference ≥ 94 cm for European men and ≥ 80 cm for European women, with ethnicity specific values for other groups) plus any two of the following four factors:
• raised TG level: ≥ 150 mg/dL (1.7 mmol/L), or specific treatment for this lipid abnormality; • reduced HDL cholesterol: < 40 mg/dL (1.03 mmol/L) in males and < 50 mg/dL (1.29 mmol/L) in females, or specific treatment for this lipid abnormality; • raised blood pressure (BP): systolic BP ≥ 130 or diastolic BP ≥ 85 mmHg, or treatment of previously diagnosed hypertension; • raised fasting plasma glucose (FPG) ≥ 100 mg/ dL (5.6 mmol/L), or previously diagnosed type 2 diabetes mellitus (T2DM). The prevalence of MS is high in male (from 15% to 30% according to the current data) (2) . Diagnosing the MS in men is very important in view of dominant role of MS in the development of the diabetes mellitus type and the male preponderance of cardiovascular morbidity and mortality (3) . The prevalence of androgen deficiency in men with MS is also quite high (4, 5) . In recent studies, it has been shown that there is a link between low plasma testosterone and development of the components of MS, such as cardiovascular disease and T2DM (5, 6) . Also an association between visceral and central obesity and hypogonadism could be established (7, 8) . Placebocontrolled studies have shown that treatment with androgens of hypogonadal men leads to a reduction of the body mass index (BMI), of visceral obesity, insulin resistance, BP and improvement of the lipid spectrum (9) . These data should lead to the development of new approaches of diagnosis and treatment of MS in men and of the role of testosterone in its diagnosis and treatment.
Apart from testosterone deficiency due to congenital or acquired testicular damage (primary hypogonadism) or hypothalamic and hypophyseal failure (secondary hypogonadism) -the "classical" causes of hypogonadism, testosterone deficiency can occur in the process of aging and in severe somatic disease (10) . Very often, testosterone deficiency can be diagnosed in men with obesity and MS. While the prevalence of the MS increases with age, also at young age it appears associated with low testosterone levels (11, 12) . In the latter case, there is probably a vicious circle. Adiposity with its associated hyperinsulinism suppresses sex hormone-binding globulin (SHBG) synthesis and therewith the levels of circulating testosterone (10) . It also may affect the strength of LH signaling to the testis (13) . Further, insulin (14) and leptin (15) have a suppressive effect on testicular steroidogenesis. Visceral fat cells secrete a large number of cytokines which impair testicular steroidogenesis (16) . So, there are reasons to believe that adiposity is a significant factor in lowering circulating levels of testosterone. While it is clear that disease and, in the context of this contribution, in particular, the MS suppress circulating testosterone levels, it has also been documented that low testosterone induces the MS (17) .
Our case report demonstrated that it is possible to break into this vicious circle by raising testosterone levels in subjects with the MS, severe obesity and low testosterone who have become resistant to treatment with diet and exercise.
cAse report
We reported the case of a 42-year old male patient ( Figure 1 ). He consulted because of weight gain, not responding significantly to the effects of dieting and exercise. He complained of sleep apnea, loss of libido, erectile dysfunction, fatigue, depression and hypertension (up to 165/100 mmHg). The patient was not taking any medication for his condition.
Physical examination revealed normal external genitalia, female type of pubic hair and lipomastia. Anthropometric investigation is largely presented in The patient was followed up every three month for testosterone dose adjustment and checks of prostate specific antigen (PSA) as well as blood count control. Over the 16 months of follow-up, the patient reported improvement of general well-being accompanied with normalization of BP (up to 130-140/80-90 mmHg in self-measurement, sleep, mood, erectile function and libido). Physical examination revealed improvement of all anthropometric parameters (Table 1 and Figure 1 ) -hip circumference: 112 cm (minus 29 cm); waist to hip ratio: 0,86. There was a strong reduction of levels of serum leptin and insulin.
Patient reported that for the whole period of treatment he tried to follow a healthy diet and regular exercise (1-2 times a week swimming and walking).
Re-assessments of AMS scale resulted in 37 points, corresponding with minor clinical signs of androgen deficiency; of IIEF, in 21 points (no erectile dysfunction); and of Becks's Depression Inventory, in 9 points (no depression).
All hormones and lipids returned to the normal ranges and diagnosis of MS was no longer applicable. Patient was recommended to continue treatment with testosterone undecanoate at 12-week intervals.
Patient consented that his observational data were reported in the literature.
DIscussIon
The association between severe obesity and hypogonadism is now well established, also in the younger age group. The low testosterone levels might have induced a vicious circle, since low testosterone levels induce an increase in visceral obesity and severity of cardiovascular risk factors comprised in the MS. Dieting and exercise improve the levels of testosterone and the me-tabolic situation (21) . In our case, the patients could not be helped only by diet and exercise, maybe also due to a depressive mood, as evidenced by the Beck's Depression Inventory. Administration of testosterone and raising testosterone to eugonadal values brought an amazing and quick recovery over 18 months, with a strong reduction of body weight, and all variables of the MS returned from abnormal to normal. Depressive symptoms improved too.
Mood-elevating effects of testosterone have been reported (22) , but the loss of body weight may have had an independent positive effect on mood, though studies indicate that weight loss has a positive effect on psychological factors but improvement of depressive mood states is less clear (23) . In population studies, it has been found that erectile function improves when weight declines, so the loss of weight, in this case, may have also been a factor in improvement of scores on the IIEF (24) . Effects of weight loss on scores of the AMS have not been reported.
There may have been a role for leptin in this recovery. Leptin is an adipose tissue hormone with socalled "double action": it affects receptors on Leydig cells, lowering testicular testosterone secretion. In addition, leptin suppresses hypophyseal LH secretion. Hypogonadal obese men have elevated leptin levels and testosterone therapy reduces leptin levels in addition to the independent effects of weight loss in lowering leptin levels.
The dramatic weight loss and recovery of the MS was unexpectedly quick and successful. A case report does not allow to make far reaching conclusions as to the mechanism but it could be that, in addition to breaking the self-sustaining vicious circle of MS-obesity hypognadal testosterone levels, the mood-elevating effects of normalizing testosterone may have played a role (22) . More studies are needed to distinguish between the effects of weight loss and/or exercise on somatic and mental features associated with the MS and to test whether treatment of testosterone has an additional positive effect. The latter appeared to be the case in a study of men newly diagnosed with T2DM (9) .
A case report cannot prove a hypothesis to be correct. In the reported case, diet, exercise and testosterone supplementation were given in combination, thus it is difficult to disentangle each component in the treatment success -though it is of note that the patient had followed a diet and had done exercise earlier, but unsuccessfully.
conclusIon
This case shows that extreme obesity is associated with low levels of testosterone, probably maintaining obesity and the MS. Breaking in into this vicious circle by exogenously raising testosterone levels appeared to have a beneficial effect leading to a strong reduction of body weight and resolution of the signs and symptoms of the MS. Treatment of an obese individual with lifestyle modification and testosterone replacement might be a reasonable alternative for obese patients with moderate to severe signs of hypogonadism. However, this approach has not yet been substantiated in rigorous placebocontrolled studies and, therefore, has not yet found its way into the guidelines of treatment of testosterone deficiency in elderly men as formulated by several professional organizations (25) .
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